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B. Singh

Assistant Director, Central Mining Research Station, Dhanbad, India

Director, Central Mining Research Station, Dhanbad, India

SYNOPSIS:
A large power house cavern ( 22mx50mx250m) is proposed to be excavated for installing
a 1000 MW hydroelectric power plant for Tehri Dam Project. The gorge chosen for the dam is very
narrow and the topography is rugged and inhospitable. This dampened the process of preconstruction
investigations. A number of tunnels were constructed for various project structures in the vicinity
of the cavern. This provided an excellent opportunity to study the rock mass behaviour. Tunnel
closure and rock loads were monitored with the help of instruments. Deformation moduluii were
also determined for different rock grades with the help of various techniques. A volumenous data
had been obtained. This data had been analysed thoroughly and values of various parameters had
been suggested for the final design of underground cavern and the supporting structures.
INTRODUCTION

with quartz veins, both along and across
the
foliation
plan:s.
The
thickness
of
individual bands var1es from a few to 100
millimetres. Grade III rocks are characterised
by thin foliations
impregnated by quartz
veins.
Closely
spaced
foliation
planes,
cleavages and
joints transverse the rock
mass and minor folds had also been seen.

Tehri Dam Project (TDP) is a major multipurpose
river
valley
project
presently
under
construction. Figure 1 gives general layout
of the project. So far, four diversion tunnels
(11m dia) four head race tunnels (8m dia)
and a number of approach adits had been
constructed. Not much of investigations could
be conducted to ascertain the subsurface
geology
due
to
adverse
topography
and
inaccessability. The construction of various
underground structures mentioned above provided
an excellent opportunity to generate additional
informations about the rock mass behaviour
and to use it for refining the criteria for
the design of tunnel supports. Experiments
were conducted in various tunnels to determine
the deformation modulus, rock pressure on
supports and closure. The experiment locations
were so dispersed as to cover statistically
all grades of rocks and their variations.
Besides the above experimental studies, modern
rock mass classifications have also been
used to assess the rock mass behaviour.

EXPERIMENTAL STUDIES
As already mentioned, the various tunnels
while
construction
provided
excellent
opportunities for instrumentation. Many tests
had been done and additional data was generated
which helped in understanding the rock mass
behaviour. Closure bolts had been installed
in all the tunnels randomly and regular
observations were taken. At a few selected
locations test sections were made where closure
bolts
and
loadcells
were
installed
simultaneously.
Deformation
moduluii
were
also determined at various locations in the
tunnels and exploration drifts with the help
of various techniques.

GENERAL GEOLOGY

Periodic monitoring of these instrUment as
per a well defined scheme was done. Figure
2 gives a typical closure-time relation and
figure 3 depicts rock pressure-time graph.

The Geological Survey of India (GSI) conducted
extensive geological studies in the area
and identified the main geological features
found in and around the Tehri Gorge. These
phyllites are banded in appearance. The bands
are constituted of argillaceous and arenaceous
materials. The degree of the presence· of
these materials and the magnitude of the
tectonic deformation suffered by the rocks
constituted the basis for grouping the rocks
in three main grades i.e. I, II and III.
Grade I rocks are predominent and constitute
45% of the gorge however, Grade II and III
account for 25% and 35% respectively. Grade
I rocks are predominently arenaceous, massive
in character and distinctly
jointed. The
band width varies between a few millimetres
to about a metre. Grade II phyllites are
thinly banded and are considerably impregnated
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The deformation modulus of the rockmass at
various places was determined with the help
of flat jack and Goodman Jack. It had also
been back worked out from the observed closure
for various rocks. Rock pressures were also
estimated with the help of Barton's approach
and were compared with those observed with
the help of loadcells.
DATA ANALYSIS
The data analysis had been done on the basis
of prevailing theories and practices. These
theories
are
dependent
upon
various
idealisations
and
assumptions.
Such
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Fig. l

General Layout Plan of Tehri Dam Project
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the results we may observe that the ratio
between the lowest and the highest value of
~eformation
modulus Hr· il:30 (scatter ratio)
~n
case of values der~ved by Bieniawaski's
( 1973)
geomechanical
ajp.roach,
however
it
reduces to 1:2 in case of· values back ~or ked
from closure observations (see Table I) • The
deformation modulus had been determined at

idealisations are not always true in the field
conditions. The data so obtained is never
the most true value, however, it approaches
the reality. The rock is a heterogenous material
and various structural defects. make it more
varied in nature. The test results conducted
on such a material may have a very high degree
of scatter. The degree of scatter depends
upon the intensity of various rock defects,
such as joints, joint conditions and the water
content of rock mass. It is not possible to
prescribe a limit. for the scatter. Reviewing
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Table I

Rock

Comparison of Deformation Modulus Determined by various Techniques
in kg/cm2xl05

Flat Jack
Range

Average

Phyllites
Grade I

0.68

Phyllites
Grade II
Phyllites
Grade III

Goodman Jack
Range

Geomechanical
Approach
Range
Average

Average

Assessed from tunnel
Closure
Range
Average

0.06-0.57

0.18

0.10-3.05

1.57

1. 98-4.01

2.99

0.02-0.50 0.29

0.04 -0.38

0.17

0.10-0.35

0.22

0.21-2.04

1.12

0.08-0.39 0.23

0.02. ·0.34

0.16

0.10-0.35

0.22

0.21-2.12

1.16

a number of locations by Goodman Jack test
method also. The scatter ratio for Grade
I, Grade II and III phyllites was found to
be 1:9.5, 1:8.3 and 1:13.8 respectively at
the testing stress level of 40 kg/cm2 (the
average expected stress level during operation
as well as at present).

Table II. Comparison of Observed and Estimated
Vertical Rock Pressure in kg/cm2
Sl
No.

During the investigation period, some flat
jack tests were also done ~n the drifts.
These drifts may not be close to the tunnels
presently under construction but had been
driven in similar rock formations, Very scanty
data is available. Only one test was done
in Grade I phyllites and the deformation
modulus was found to be 0. 68xlo5 kg/cm2 ..
Grade II had a range of 0.02-0.05 xlo5 kg/cm2·
and the range for Grade III was 0.08-Q.395
kg/cm2· The scatter ratio for Grade II and
II is thus 1:27 and 1:5.

Observed Pressure

Estimated
Pressure
Range
Av.

Range

Av.

0.25-0.56

0.40

0.05-0.45

0.25

2. Phyllites
Grade II

0.16

0.16

0.08-0.81

0.45

3. Phyllites
Grade III

0.32-0.42

0.37

0.99-2.51

1. 75

1. Phyllites

Grade I

process
of
detailed
investigations
which
concluded with the construction of head race
tunnels.

The values obtained by various techniques
are compared in Table I. The scatter is large
and it is possible to narrow it down by
statistical treatment.

The above tunnels were excavated through
Grade I,
II and III rocks.
As already
mentioned, these tunnels were instrumented
at a few selected locations to determine
rock
loads
and
deformation modulus.
The
locations of these tunnels were different,
the different grades of rocks were exposed
in the tunnels at different locations. Such
a situation helped in increasing the scatter
of the data obtained for various grades of
rock masses. This scatter may be attributed
to the variations within the rock mass, the
errors in conducting the experiments and
not very correct assessment of rock mass
parameters.
It is difficult to eliminate
these sources of errors and there is no process
available to separate them. The occurrance
of scatter is thus a reality of geotechnical
instrumentation.

Estimation of rock pressure had been done
with the help of Barton's approach. About
30 sets of estimates were done at various
locations for different grades of rocks.
The observed pressures are different for
different grades of rocks. The ratio between
the lowest and the highest observed rock
pressure is 1:8.4. This ratio in case of
estimated pressures is as high as 1:17.5.
Table II gives these results.
DISCUSSION OF RESULTS
It is a difficult task to formulate and
implement investigation scheme for a major
project lying within inhospitable terrain,
fragile
and
tectonically
active
rock
formations.
The
inves.tigation process was
therefore not a continuous one as it had
to be undertaken whenever an opportunity
was available. The preliminary investigations
were done through drifts and some deformation
modulus tests with the help of flat jack
were
conducted.
With
the
start
of
the
c~nstruction
phase,
the
diversion tunnels
were made first and with that started the
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Rock

Statistical treatment of large data may help
in reducing the scatter to some extent. An
attempt had been made in this case also and
Table III and IV give narrowed down ranges
with respective confidence limits.
After the above analysis a range is suggested
w;h.ich may be considered for design. purposes.
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be appropriate for an opening as large as
22m is a wide open question. It is reassuring
to note that Barton's criteria suggests that
rock pressures do not increase with the
increase in the size of opening.

Table III. Range of Deformation Modulus after
Statistical Treatment
Sl
No

Rock Type

Range in l05kg/cm2

Percent
Confidence

1.

Phyllites
Grade I

2.004 - 3.246

83.85

2.

Phyllites
Grade II

0. 711 - 1.391

84.42

3.

Phyllites
Grade III

0.568 - 1.444

84.20

CONCLUSIONS
Preliminary design of supports and lining
may be based on the suggested data, however,
additional data may be generated during the
construction· phase to optimise the support
requirements. The closures are low and the
surrounding rocks are intact and this has
resulted in low rock pressures. The stability
of the large cavern can be improved further
by employing smooth blasting technique.
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It is suggested that the upper bound value
may be taken for design purpose with factor
of safety as unity.
The_ ~tudy and its results have helped in
arr1v1ng at a sound engineering judgement
in selecting the design values. Some thoughts
having practical overtones, have also emerged
through this process of data analysis and
discussions.
It had been
seen
that
the
surrounding rocks were largely intact and
the stresses induced due to tunnelling were
low and well within the competence of rock
mass. There had been less shattering and
joint opening within the surrounding rock
mass. This had been inferred from the nature
of closure-time curves and the magnitudes
of the observed closures. The pressures were
thus largely due to relaxation of surrounding
rock mass and marginal loosening. There had
been
no
indicatibns
of
squeezing
ground
conditions any where in the tunnels studied
so far. such rocks may not need any type
of
consolidation
grouting.
The
lining
reinforcement may also be eliminated whenever
sufficient
rock
cover
is
available
to
counteract the internal water pressure.
The tunnels are fairly stable and the presently
installed supports are more than adequate
in most of the situations.
The ' suggested
rock
pressures
have
been
generated through instrumentation of tunnels
as large as 11m dia. Whether this value would

Second International Conference on Case Histories in Geotechnical Engineering
Missouri University of Science and Technology
http://ICCHGE1984-2013.mst.edu

214

